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_hYjpIBz[`SR^`Q$odn>_6o]clQ6j¡ece³jSBpM+dh^`^`_hYjaSRgZIj_n^`^]d  o>^`S¢jStab[`ced2YQTdIpISR¡G«
> U2DYjSRSBpPSBpJ.KL0{aRdh¡ldh^6ceQ$_nm2SBo!_nYjpM.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^i_nQTSR[]SR^ioBk+o]SRj_h^`_n[]clYPm[]NPSpIcJH ¤ o]S_hYjp[]NPSo£-SBa ¤ ¡l_h^!aRdhQTd2YPSRY\[t«MNjSRµ^]StadhSB^]Stp{[`NPSf¦|4§¨
dh+NPclmhNj¡eµf[]Sq[ ¤ ^]Stpfd   wxSBa[`o¥¬[]NPcso_hoclQ6-d2o`o]c   ¡lS[]d$pId$ce[]NP^`SRqcld ¤ o	[`SBaiNPYPcs· ¤ SBo4P^]Sto£SBY\[]SBpclY
> nPknPk UjD¬©bkv_nYp/P^]d2d\o£Stp[]NPSa^`SB_n[]cldhY±dnYPSB ceQ$_hmhSBo ¤ YjpISB^!YjdhSR¡ \clSR-dhclY\[`o6_nYjp/YjdhSR¡
cl¡l¡ ¤ QTclYj_[`ced2Y¯adhYpIc®[`ced2YjoB«
> @DpIcl^`SBab[`¡eµStox[`ceQ$_[`SBp{[]NPS _n¬dh^][ ¤ YPS  ozS[_n¡G«¦|4§¨8> PD>dn _hY{d   wxStab[¬^]d2Q _o£SR[dhvceQ$_hmhSBo
¥ D0\©b«(M+dd   [`_hceY{[]NPS$¦|4§¨	k'[`NPST^`_2pIcs_nYjaRS(^`SBaSBce2SBp   µ[`NPSTPc®ISB¡lo¬^`dhQ []NjS!d   wxSBa[csopIcl\cspIStp
  µ![]NPSce^`^i_hpIcs_nYjaRS^]StaSBce2SBp   µ([`NPcso d   wxSBa[v¬^]d2Q []NPS¡eclmhN\[	o]d ¤ ^iaS2« IzS_hPP¡lceStp6[]NPcso	aRdhQT ¤ [i_[`ced2Y
[`d6[]NPS^`SR^`SRYjpPSR^`ceYPm6dn d   wxStab[io ¤ YjpISB^YPdhSB¡'ce¡l¡ ¤ Q6clYj_n[]cldhY¯ad2YjpIce[]cldhYjoB«
¨ clYj_n¡l¡lµhkhºdhYjmS[	_h¡9«C> UhUD'pISBo`a^`c   SBpT_QTSR[]NPdIp6[]N_[ ^`SBaRdhSR^io+[]NPSz^]SR¢jSBa[`_nYaSdnSt_haiNTPceqSB¡jdh'_hY
clQ$_nm2ShkjaRdhYjo]clpPSR^`SBp_ho4_$o]S[4dho]Q$_n¡l¡ª_haRS[`oBkjSt_haiNdhYPSN_\clYPmTce[`o4dY¯¦|4§¨«MNPS¦|4§¨jo_n^`S
Stox[`ceQ$_n[]SBp$¬^]d2Q _(o]S[dn²clQT_hmhStov[i_n¼hSBY ¤ YjpPSR^pIc=H-SB^]SBY2[qceSBd2ceY\[_nYjpfce¡l¡ ¤ Q6clYj_n[]cldhYfaRdhYjpIce[]cldhYoRk
_2o[]NPS^i_[`cedTdh+[`NPSPceqSB¡²clY2[`SRYjo]ce[xµpIclqclpIStp   µJ[]NPS¡lcem2N\[zo£d ¤ ^`aRSceY\[]SBYjo]c®[xµ2«>ºDd2YPm$S[z_h¡9«v_hPP¡lceStp
[`NPSRcl^QTS[`NPdIpf[`dT[]NPS^`Sg cl¡e¡ ¤ QTceY_[]cldhYdn+[]NPSo`aSBYPSc®[`NYPSR ¡eclmhN\[4o]d ¤ ^iaStoR«
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>FBD ¤ o]SBp$m2¡ed   _n¡ce¡l¡ ¤ QTceYj_n[]cldhYf¬dh^_ ¤ m2Q6SBY\[]SBpT^`SB_h¡ece[xµ$_nPj¡ecsaR_n[]cldhYjoB« M+d(clYjo]SR^][	YPSB½d   wxStab[io clYjo]clpIS
_^]St_n¡PclQ$_nmhS2k2NjS4YPSRStpISBp$[]d[i_n¼hSzceY\[]d!_haRaRd ¤ Y\[ clY\[]SB^]^`S¢jStab[`ced2Yjov_nYp$adhQT ¤ []S4[`NPSz^`S¢SBab[i_nYjaRSBo>dh
[`NPS!o ¤ ^]ª_haRSBoclY¯[]NjSj_n^][zdh>[]NPS6o]aRSRYPSclYI¢ ¤ SRYjaRSBp   µ[]NPcso4clYjo]SR^][]cldhY²«,IzS!a^`SB_n[]Stp¯_$mhSBdhQTS[`^]csaR_h¡
U2§<QTdIpISR¡²dh[`NPclozj_n^][dn []NPSo`aSBYPSJ¥ªaB_n¡l¡eStpJ[`NPS  !
  ; <8<68©kj_nYpaB_n¡sa ¤ ¡s_[`SBpQ$_nY ¤ _n¡l¡lµ$[]NPS^`Sg
¢SBab[i_nYjaRS4j_h^`_hQ6SR[]SB^`o>dh_n¡l¡j[`NPSzQTdIpISB¡eStp$d   wxStab[ioR« _2aiN$dn[]NjS¦|4§¨j_n^i_nQTS[`SR^iov_n^`SzaiNj_hYPmhStp
  µT[`NPS ¤ o£SB^ce[]SB^`_n[]clhSB¡eµ ¤ Y\[]cl¡'[]NjS^`SR^`SRYpISR^`SBpTclQ$_nmhS   SBad2QTSBoa¡ld2o]SzSBYPd ¤ m2NJ[`d([`NPSdh^`cem2ceYj_h¡jd2YPSh«
 ¤ S[_n¡G«> U2vD>P^`dh-d2o]SBp{_ad2Q6j¡eSR[]STo£d2¡ ¤ [`ced2Y{¬d2^z[`NPST^]StadhSB^]µdnv[`NPSTo ¤ ^]ª_haRSBo¦|4§¨½¬^]d2Q _
o]j_h^`o]S	o]S[>dnceQ$_nm2SBoaR_hI[ ¤ ^]Stpce[]NT_aB_nQTSR^i_(¥¬[x	SB¡e2S	dhj[`NPS=.L0zceQ$_hmhSBo SR^`Sv[i_n¼hSBY!o]Stace³aR_h¡e¡lµ
[`dm2S[>o£-SBa ¤ ¡s_n^ NPcem2NP¡lcem2N2[io dhY!o ¤ ^]ª_haRSBoi©b«+MNjSRµ  P¤ cl¡e[A04^i_hpIcs_nYaS Q$_hjo+¬dh^ []NPSSBo£[]clQ$_[`ced2Y(dn[]NPS
^`S¢SBab[i_nYjaRS!_n^i_nQTS[`SR^io_hYjp{[`NPS$ad2Q6 ¤ [`_n[]cldhYdnv[`NPS$^`_2pIcs_nYjaRSgG[]dng PceISR¡clY\[]SBYjo£ce[]clSBoaRdhYqhSB^`o]cldhY
 ¤ Yjab[`ced2Y¥9aR_hQ6SB^`_z[]^i_nYox¬SB^ ¤ Yjab[`ced2Y©C> vD « ¸o£clYPm_nYTclQT_hmhSRg   _2o£StpQTdIpISR¡lceYjmo£dh¾[x_h^]So ¤ aiN$_2o 

=8,> DGk2_U2§ mhSRd2QTS[]^`csaR_n¡\QTdIpISR¡IdhP[]NPSo`aSBYPS_2o  P¤ ce¡e[>¬^]d2Q []NPSo]S[dn-ceQ$_nm2SBoB«+}z¡e¡q[`NPSBo]Spj_[`_
SR^`S[]NjSRY ¤ [`ce¡lc.-RSBp[`dJ^`SBad2SR^[`NPS!¦|4§¨°dh>[]NPS(Q6dIpISB¡eStp¯o ¤ ^£ª_2aSBoB«MNPSRcl^zQTSR[]NPdIpQTceYjceQTc.-RSBp
[`NPSSR^`^`dh^dhY6[]NjS4j_n^i_nQTSR[]SR^io dn-[]NPSº/_n^ip ov_nYjclo]dn[`^]d2Pcla¦|4§¨EQTdIpISR¡)> UADP[]dStox[`ceQ$_n[]S[]NjS   Stox[
-d2o`o]c   ¡lS4¦|4§¨E¬d2^vSB_2aiNTd   wxStab[B«MNPcsovdh^`¼_hov_hPP¡lceStp6[]d[]NjSzclYjo£SB^£[`ced2YTdn'YPSR d   wxSBab[iovclYT[]NPS
o`aSBYPShkh[]d[`NPS4QTdIpIce³aR_n[]cldhY$dn'[`NPS4cl¡e¡ ¤ QTceY_[]cldhYJaRdhYjpPc®[`ced2Yjov_nYp6[]d[`NPS4^`SRYjpISB^]clYPmdh_YjSR½o]aRSRYPS
¤ YjpISR^YjdhSR¡qclSR-dhclY\[`oB«!I4dSRhSB^Bk\[`NPclo4Q6SR[]NPdIpdhYj¡eµJdh^`¼Ioc®>_[4¡lSB_2ox[dhYjSo]-SBa ¤ ¡l_h^NPcem2NP¡lcem2N2[
csoqclo]c   ¡eSd2Y_hYd   wxSBa[B«	¶z[`NPSR^`clo]S[]NPcsod   wxSBab[4csoo]ceQ ¤ ¡l_n[]Stp_2oSB^£¬Stab[zpIc=H ¤ o£S2«
d2o`ad\oSR[!_n¡G« > hD P^`dh-d2o]SBp_Q6SR[]NPdIp   _2o£StpdhY±_nY/dh^`clmhclYj_n¡cspISB_¬^`dhQ&}4¡s_nclY/¨jd ¤ ^`YPclSR^ >lRGDG«
MNjSRcl^_h¡em2dh^`c®[`NPQ ^]Stad2SR^io[]NjSpPcJH ¤ o]S^`S¢SBab[i_nYjaRSBo dn[]NPSo ¤ ^]ª_haStoclYjo]clpPS_o]S[>dnjjNPdn[`dhmh^i_njNjodh
_6o`aSRYjShk\[`_h¼\clYPm6ceY\[`d6_2aRad ¤ Y\[ [`NPS[]Sq[ ¤ ^]Stodn²[`NPSd   wxStab[`o¥¬St_haiNo ¤ ^]ª_haRSN_ho []d   S ¤ Yjo]Nj_2pId	Stp
clYJ_[v¡lSB_2ox[vd2YPSclQT_hmhSdh[`NPSzo]S[i©«>MNPSRµT_nPj¡eclSBp![]NjSRcl^>[]StaiNPYPcs· ¤ Shk2[]dclYjo£SB^£[ ^`SRQTdhSd   wxSBab[iov_nYp
[`dQTdqpPc®¬µ6[]NjS4¡eclmhN\[`ceYPmaRdhYjpPc®[`ced2Yjovdh[`NPSzd2^]clmhclYj_n¡Po`aSBYPS¥¬clYjo]SR^][]cldhY$dh_YjSR ¡eclmhN\[	o]d ¤ ^`aRS	¬d2^vSqg
_hQTP¡eS©b«y¯dh^`S^]StaSBY2[`¡eµ2k ²d\o]aRd2o S[ _h¡9«C> hUDPSq[`SRYjpIStp![]NPcso[]StaiNPYPcs· ¤ S   µ!^]SBQTd\clYPmz[]NPS4aRdhYjo£[]^i_nclY\[
dh>[]NPS ¤ Yjo]Nj_hpPd	Stpo ¤ ^]ª_haRSBoB«zMdceQTP^`dhS[`NPS(^`SBo ¤ ¡e[`oBkj[`NPSRµ[`^`_hYjox¬d2^]QTStp[]NPSBce^^]SR¢jSBa[`_hYjaS^`Sg
aRdhSB^]µ_n¡lmhd2^]ce[]NjQ<ceY\[]d_hY!ce[]SB^`_n[]clhSP^`dqaRSBo`oR« I4dSR2SR^tk[]NPSQTS[`NPdIp!^`SRQ$_hceYPStp(¡lclQ6ce[]Stp![]d-SR^]¬SBab[
pPcJH ¤ o]So ¤ ^]ª_haRSBo¥¾[`NPSQTce^`^`dh^io_h^]SaRdhYjo]clpPSR^`SBp$[`d   SpPcJH ¤ o]S[]Sq[ ¤ ^]Stpfd   wxSBa[`o¬d2^SP_nQTP¡lSt©«
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,T«P_[]d{_hYjp ,T«²WZ¼hS ¤ aiNPc]> nD	pPSBo`a^`c   SBp/_nY/_n¡lmhd2^]ce[]NjQ­¬dh^[`NPS$^]SR¢jSBa[`_hYjaST^`SBad2SR^`µ¯dn_nY/clo]dng
¡s_[`SBp¯d   wxSBa[z¬^`dhQ _fo]ceYjmh¡lSceQ$_hmhS!_hYjp{_JU2§m2SRd2Q6SR[]^`claB_n¡+Q6dIpISB¡+dh>[]NPcsod   wxStab[B«MNPSRµ¯_hPP¡lceStp
o]dhQTSad2Yjox[`^`_hceY\[io d2Yf[`NPS¡eclmhN\[o£d ¤ ^`aRS-d2o]ce[]cldhY_hYjpf[]NPSaR_hQTSR^i_j_h^`_hQ6SR[]SB^`oB«+WZY_hpjpIc®[`ced2Y²kq[]NjSRµ
o]clQ6j¡ece³jSBp¯[]NPS6Md2^]^i_nYjaRSgxqj_h^]^`d´^`S¢jStab[]cldhY¯QTdIpISB¡9«MNPcloz_µ2kj[`NPSRµStox[`ceQ$_[`SBp¯o]SRj_h^`_n[]SB¡eµ[]NPS
pPcJH ¤ o]SaRdhQT-dhYPSBY2[$_nYp±[]NjSo]-SBa ¤ ¡l_h^TaRdhQT-dhYPSBY2[6[]d^`SBad2SR^([]NPS ¤ YPce¬dh^`Q ^`S¢jStab[i_nYjaRSfdn[]NPS
o ¤ ^]ª_haRSh«
y{dh^`Sf^`SBaSBY\[]¡lµhk>Wb«vI_[`dESR[T_h¡9« > nDP^`dh-d2o]SBp[`dD^`SBaRdhSR^[]NPS¦|4§¨dnz_nY d   wxStab[tk ¤ o£clYPmD[]NPS
o]Nj_2pId4omhSBYPSR^i_[`SBp   µ([]NPSo ¤ ^]ª_haRSBodh[`NPSzo`aSRYjSh«MNPSRµ ¤ o£StpT_o£clYPmh¡lSdhQTYPcspIcl^]Stab[`ced2Yj_n¡IclQ$_nmhSdh
[`NPSSRYqqce^`dhYjQ6SBY\[_nYp_6Uh§ mhSBdhQTS[`^]csaR_h¡-pPSBo`a^`ceI[`ced2Yfdh[]NjSo ¤ ^]ª_haRSBoB« MNPSBµJpISR2SR¡ldh-SBp_Ang o£[]SB
ce[]SB^`_n[]clhS_n¡lmhdh^`ce[]NPQ&[]dQTceYjceQTc.-RS[]NPSSR^`^`dh^   S[xSRSBY°[`NPS^]St_n¡_nYjp []NPS¯o]µ\Y\[`NPS[`claceQ$_hmhSfce[]N
^`SBo]-SBab[[`dT[]NPS¦|4§¨°j_h^`_hQTS[]SB^`o	dn []NjSo ¤ ^]ª_haRSBoB«
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¶ ¤ ^4_nPP^`d2_2aiN   SR¡ldhYPm\o[]dT[]NjcloaB_[]SBmhd2^]µ2«
} PcldhYPSBSR^`ceYjm4	d2^]¼clY[`NPclopId2Q$_nclY_2o+aRdhQTP¡lS[`SBp   µ¨Pd ¤ ^`YPceSB^+SR[_h¡9«E>eBvDIceYB2hUP«kI4SP^]d2d\o£Stp
[`d^`SR^`SRYjpISB^v_nY$d2^]clmhclYj_n¡IclQ$_nm2S ¤ o£clYPm(_(Uh§´^`SRj^]Sto£SBY2[i_[`ced2Y!dh-[`NPSzo`aSBYPS(¥¬clYjaR¡ ¤ pPceYPm[]NPS4-d2o]ce[]cldhYjo
dh[]NPSJ¡lclmhN\[(o£d ¤ ^iaSJ_nYp[]NPSfaB_nQTSR^i_j_n^i_nQTSR[]SR^ioi©_nYjp/_{o]ceYjmh¡lS$ceQ$_nm2S$dn[]Njclo!o]aRSRYPS2«}z¡e¡	[]NPS
o ¤ ^]ª_haRSBov_h^]S4aRdhYjo]clpPSR^`SBpT_ho SB^£¬Stab[pPcJH ¤ o]Shkq_nYjp6[`NPSRµ ¤ o]SBp6[`NPSRcl^ ^`SRP^`dnwxStab[`ced2Y6d2YT[]NPSz^]St_n¡jclQ$_nm2S
[`dStox[`ceQ$_n[]S	[]NPSBce^^`S¢jStab[`_hYjaStoR«+} ^i_hpPced\o£ce[xµ\g   _2o£Stp_n¡lmhdh^`ce[]NPQ []NjSRYTadhQT ¤ []SBo _nY!ceQ$_hmhS_nPP¡lµqceYjm
[`NPSBo]S^]SR¢jSBa[`_hYjaSto[]d$_6P^]d2mh^`SBo`o£clhS^`_2pIcld2o]c®[xµT[`SBaiNPYPcs· ¤ S> D²[]dTd   [`_hceY_6YPSR o£µqY\[]NjS[]csaclQT_hmhS2«
}zY$Sq[]SBYjo]ced2Y$dn'[]NPSP^`SRqced ¤ o>QTS[`NPdIp$_hovpISBhSB¡ed2Stp   µ6§z^`S[][`_h¼\csovSR[_h¡9«C>e2D «MNjSRµ6P^]d2d\o£Stp
_hY½ceY\[`SR^i_hab[`ce2S{hSB^`o]cldhY dn[`NPSEclYPce[]cs_n¡j_n-SR^_nYjp´_2pPpIStp´_±qclo]cldhY´_n¡lmhd2^]ce[]NjQ ¬d2^J[]NjSDaR_hQTSR^i_
aB_n¡lc   ^`_n[]cldhY_hYjpf[]NPSU2§<mhSBdhQTS[`^]csaR_h¡-QTdIpISB¡²_ ¤ [`dhQ$_[`cla-d2o]c®[`ced2YPceYjmj«vMNPSBµfpISBo`a^`c   Stp_$o]¡eclmhN\[`¡eµ
pPcJH'SR^`SRY\[6[]SBaiNjYPcl· ¤ S¬dh^6[`NPSStox[`ceQ$_n[]cldhY°dh4[]NjS^`S¢SBab[i_nYjaRSBo(dnz[`NPSo ¤ ^]ª_haRSBo6_nYjp []NPSBµ ¤ o]SBp°_
NjceSB^`_h^`aiNPcsaR_h¡I^`_2pIcld2o]c®[xµ6_n¡lmhdh^`ce[]NPQ >etD-[]d(aRdhQT ¤ [`S_YPSB´o£µqY\[]NjS[]csaclQ$_nmhSa¡ld2o]S[]d([]NPS^]St_n¡Pd2YPSh«
}zY _hPP^`d2_haiN o]clQ6cl¡s_n^6[]d/¨Pd ¤ ^]YjceSB^!SR[T_h¡9«  o6_ho6aiNPd2o]SRY°ceY > BDG«°W [6clYja¡ ¤ pIStp _{¬SRStp   _hai¼/[`Nj_[
aRdhQTj_h^]Sto[`NPS^]St_n¡ceQ$_hmhS[]dD[]NPS¯o]µ\Y\[`NPS[`cladhYjSh« ~_hm2_n¡ldcsa - > BWDzpISBo`a^`c   SBp _{[`SBaiNPYjcl· ¤ S[]d
m2SRYPSB^`_n[]S_6YPSR o£µqY\[]NjS[]csaceQ$_hmhS¬^]d2Q _$o]ceYPm2¡eSd2YPS$¥¬SPaRSRI[[`NPSUh§ m2SRdhQTSR[]^`claB_n¡'QTdqpPSR¡GkPNPcsaiN
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Error image for the glossy surface
simulated as an isotropic one
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Original real image
Index buffer of the surfaces
Extraction of the surface supposed to be anisotropic
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Rendering of the surface supposed to be anisotropic
as a perfect specular surface, and extraction of the
area from the synthetic image
Computation of the index buffer of the surfaces
reflected on the perfect mirror. Selection of the
surface for which the ratio of its reflected area
on the mirror divided by the distance between
its center of gravity and the center of gravity of
the mirror, is the biggest one.
Extraction of the surface
simulated as a perfect
mirror in the synthetic image
Extraction of the surface
supposed  to be anisotropic
i n t h e r e a l i m a g e
Computation of the error
image between the perfect
specu la r a rea and the
corresponding anisotropic area
Sampling of the brushed direction x around
the normal N to the anisotropic surface,
with respect to a rotation angle q
Computation of the standard
deviations on the error image
in the x direction
Selection of the x direction for
which the average of the
standard deviations is the
smallest. This vector x is the
or theanisotropy direction
brushed direction.
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Extraction of the pixels
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Surface extraction
Index buffer of the groups
seen through the mirror
New surface reflectance
to take into account for
the correction of the
group reflectance
Surface/area not directly
visible in the real image
but analyzable through
the mirror
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